As part of recent efforts to address antibiotic resistance, the FDA has directed manufacturers of antibacterial hand soaps and body washes to demonstrate that their products are safe for long-term use and more effective than ordinary soaps in preventing infections. (Photo © BrianAJackson/iStockphoto.)
Offıcials of the Food and Drug Administration (FDA) last December announced a plan for phasing out the use of antibiotics for promoting growth in animals such as chickens, hogs, and cattle for food production. In a separate move in December, the agency directed manufacturers of antibacterial hand soaps and body washes to demonstrate that their products are safe for long-term use and more effective than ordinary soaps in preventing infections.
The plan to phase out low-dose, farm use of antibiotics is voluntary, not regulatory, and it puts considerable responsibility on veterinarians to ensure that such drugs are used appropriately. It calls on manufacturers to change such drugs from having over-thecounter (OTC) status to making them prescription only. Agency offıcials say that the two major suppliers of antibiotics for use in feeds, Elanco of Greenfıeld, Ind., and Zoestis of Florham Park, N.J., are promising to comply with the new policy.
Largely because these changes are to be voluntary and without agency enforcement measures, however, the broader response to this FDA initiative varies widely, ranging from enthusiasm to deep skepticism. Further, critics of the agency plan are concerned that it will not take full effect for three or more years and that its allowance of antibiotic use for "preventive" purposes might be a loophole for their future use for growth promotion under this different rubric.
"Our fear is that there will be no reduction in antibiotic use as companies either ignore the plan altogether or simply switch from using antibiotics for routine growth promotion to using the same antibiotics for routine disease prevention," says Steven Roach, Senior Analyst for Keep Antibiotics Working, a coalition of consumer and advocacy groups in Washington, D.C. On this matter, FDA is counting on veterinarians to "play an important role to ensure the products are used judiciously and appropriately," says William Flynn, deputy director for the FDA Center for Veterinary Medicine.
Members of the American Veterinary Medical Association (AVMA) in Schaumburg, Ill., appear eager to accept that mandate. "AVMA has long advocated that greater veterinary oversight of the use of antimicrobials on the farm is a benefıt to human and animal health," says its president Clark Fobian. The organization "applauds" the new agency plan and, among other things, praises it for allowing "greater flexibility by deferring to the profession and individual states for specifıc criteria on professional conduct related to veterinary supervision or oversight." However, animal feed producers consider the timeline too fast in part because there are not enough veterinarians to handle these new duties. "There are some 15 or so chemical entities that are approved as animal drugs and over 120 different uses that will be affected by changes FDA is proposing," says Richard Sellers, a vice president of the American Feed Industry Association in Arlington, Va. "AFIA continues to be concerned about the lack of vet-erinarians trained to complete [required formulary changes] as well as the lack of large animal veterinarians in general."
"Something good is going on at FDA," says microbiologist Stuart Levy of Tufts University School of Medicine in Boston, Mass., who has spent years pleading with agency offıcials and members of Congress to address both issues because each has an important impact on antibiotic resistance. "I disagree with those who say FDA's plan is not strong. It highlights the importance of drug resistance; assesses the practice of smearing the world with low levels of antibiotics, draws attention to the fact that they're not needed, and that European farmers are showing that this practice is no longer effective and is merely an excuse for not improving animal hygiene." In short, he adds, "We'd all like it stronger, but I'll take what I can get." Jeffrey L. Fox is the Microbe Current Topics and Features Editor.
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Mounting Evidence: Endogenous Retroviruses Are Part of Us
Marcia Stone
"A broad swath of viruses" invades eukaryotic genomes, and these mobile genetic elements are genomic "mercenaries," says Harmit Malik of the Fred Hutchinson Cancer Research Center in Seattle, Wash., who spoke at Rockefeller University in New York City last December. Among them are the retroviruses, many of which integrate into animal host genomes and are vertically inherited. More than 100,000 of these retroviral fossils so far found in the human genome are also in simian primates that shared a common ancestor more than 30 million years ago.
"Retroviruses are typically not particularly choosy about their integration sites, as evidenced by the enormous scale of their invasions into animals, birds, and even large DNA virusesretroviral sequences accounting for 6 -14% of all the genomes so far analyzed, including approximately 8% of human DNA," says Robin Weiss at University College, London. "To put this into perspective, endogenous retroviruses (ERVs), whole or in part, generally comprise more of our genomic DNA than that encoding the proteome." Details appear August 12, 2013 in Philosophical Transactions of the Royal Society Biological Sciences (368: 20120494.http://dx.doi.org/10. 1098/rstb.2012.0494).
"The consequences of such ERV relationships can be neutral, detrimental, or benefıcial," says Jonathan Stoye from the MRC National Institute of Medical Research in London. "In the coevolutionary interplay between host and virus, the host develops various strategies to dampen down ERV activation but that same retrovirus can wreak havoc in immunologically unprepared new hosts." For example, the leukemia-causing retrovirus of gibbons and koalas is derived from an ERV that colonizes rodents without making them ill, he says, adding: "The koala virus is currently colonizing the koala germ line as a new ERV."
"The devastating spread of human immunodefıciency virus (HIV) in humans after an exogenous simian immunodefıciency virus (SIV) jumped species from chimpanzees is another consequence of cross-species transmission," Stoye says. "However, there is no evidence of germ-line colonization by SIVs and the only cases where we suspect that lentiviruses have gone endogenous are in rabbits and lemurs; with both events occurring more than 10 million years ago. It's an interesting question why this is-perhaps most lentiviruses just will be lethal or they simply don't have the right receptors to get into germ cells."
Unlike those of any known exogenous retroviruses, some ERV genes have been co-opted by their hosts and
MINITOPIC
Influenza Update
Recent developments involving the influenza virus include:
• Officials of the Food and Drug Administration in November approved the first adjuvanted vaccine to protect against influenza H5N1 for inclusion in the National Stockpile for emergency use. The vaccine is produced by ID Biomedical Corporation of Quebec, Quebec City, Canada, a subsidiary of GlaxoSmithKline Biologicals. • A mutation (G228S) in its gene for hemagglutinin enabled an avianorigin H6N1 influenza virus for the first time to infect a human, a 20-year-old woman who fully recovered and did not transmit the virus to her close associates, put to good use. Human salivary amylase is controlled by an ERV insertion that probably helped our forebears switch from a mainly fruit-based diet to one containing starch, and this might have given the hominid lineage a selective advantage over other primates, says Weiss. Also helpful is receptor blocking by ERVs, a phenomenon called "super-infection resistance," which serves as protection against colonization with exogenous retroviruses, he notes. Perhaps the most intriguing example of a useful retroviral relationship was the capture and domestication of ERV envelope genes (env) by mammals, enabling both placenta development and embryo survival, according to Stoye. These genes, called syncytins, are considered pivotal to the transition from egg-laying to having live-born young and to the emergence of mammals, says Thierry Heidmann at the Institut Gustave Roussy in Villejuif, France, who led the initial studies of syncytins (see the May 17, 2013 Science [340:820 -821 
Antibiotic Side Effects Can Help Tame Errant Host-Immune Responses Shannon Weiman
The side effects of some antibiotics, modulating errant host-immune responses, sometimes augment their direct antimicrobial actions, according to several researchers who presented fındings during the 2013 Interscience Conference on Antimicrobial Agents and Chemotherapy, held in Denver last September. For example, treating Streptococcus pneumoniae infections with particular macrolide antibiotics can minimize immune system-inflicted tissue damage, improving clini-cal outcomes. In addition to their direct effects against pathogens, these antibiotics alter host leukocyte functions and inflammatory processes.
Macrolides can act as immune modulators, regulating host responses including cytokine production, chemotaxis, and cell differentiation, according to Naoki Iwanaga of Nagasaki University Hospital in Nagasaki, Japan, who spoke during the slide session "Host and Drug Immune Modulate." She is evaluating macrolide antibiotics for their ability to rid the nose and nearby tissues of colonizing S. pneumoniae, which can later cause invasive infections. In mice, the erythromycin (EM) derivative EM900 activates the NF-B pathway, leading macrophage cells to produce immunostimulatory chemokine ligand 2 (CCL2) and, eventually, to clear colonizing S. pneumoniae-all without exerting direct antimicrobial effects on those bacteria, she says. EM900 should be considered a serotype-independent candidate for replacing or supplementing serotype-specifıc vaccines, she adds.
Other researchers point to the immunosuppressive activity of EM900 and other macrolides. During infections, host inflammatory responses can cause tissue damage, says Stephanie Duquette, a student of Andre Buret at the University of Calgary in Calgary, Alberta, Canada, who also spoke during that session. "This phenomenon is present in many instances of pneumonia, including streptococcal pneumonia." They fınd that the macrolide tulathromycin (TUL) can induce caspase-3 dependent apoptosis in bovine neutrophils, macrophages, and other leukocytes, inhibit proinflammatory NF-kB signaling, and attenuate proinflammatory cytokines interleukin-8 (IL-8/CXCL-8) and leukotriene B4 (LTB4).
"Inducing neutrophil apoptosis promotes an anti-inflammatory phenotype in neighboring macrophages, which promotes the resolution of in-
MINITOPIC
Electricity at the Levels of Bacteria, Viruses, and Proteins
Here are several recent developments involving microbes and electricity:
• An atomic-resolution structural analysis reveals that the mainly ␣-helical pilin protein from Geobacter sulfurreducens, an electricity-conducting bacterial species, depends on aromatic residues that wrap at intervals around its surface, according to Patrick flammation," Duquette says. Indeed, the lung tissues of animals that are treated with this antibiotic look better than do those treated with other drugs, a fınding that is consistent with veterinary reports of its superior effıcacy, she notes. Macrolides with similar anti-inflammatory effects may prove more effective than antibiotics without such properties, adds Buret. S. pneumoniae infections of the brain similarly lead to immunopathology, according to Miriela Vivas of IDIBELL-Hospital Universitari de Bellvitge in Spain. Treating such infections with ␤-lactam antibiotics can exacerbate tissue damage because the lytic mechanism releases bacterial compo-nents that stimulate local inflammatory response, she says. However, treating infected rabbits instead with daptomycin, a nonlytic antibiotic, reduces the host inflammatory response, as determined by measuring tumor necrosis factor-␣ levels in the central nervous system. Shannon Weiman is a freelance science writer in San Francisco, Calif.
RESEARCH ADVANCES
Amid Rampant Gene Transfers, Species Maintain Identities Barry E. DiGregorio
Despite rampant intergenera gene exchanges among the haloarchaeal species living within Deep Lake in Antarctica, those species retain their identities while also maintaining niche differentiation, according to Ricardo Cavicchioli from the University of New South Wales in Sydney, Australia, and his collaborators there and at other institutions in Australia, Canada, and the United States. Details appear October 15, 2013 in the Proceedings of the Na-tional Academy of Sciences (PNAS) (doi: 10.1073/pnas.1307090110).
Haloarchaea dominate these otherwise inhospitable lake waters, which are so hypersaline that they remain liquid at Ϫ20°C. Four microbial isolates from distinct genera account for about 72% of the cellular community in the lake, according to Cavicchioli and his collaborators. Their analysis reveals "a remarkable level of intergenera gene exchange," including essentially identical, 35-kb segments of DNA, they note. Curiously, however, the most abundant lake species, tAD, plays a central role in exchanging insertion sequences, but not high-identity regions.
The peculiarities of this lake ecosystem "restrict which species can grow and provide a tempo and mode for accentuating gene exchange," Cavicchioli and his collaborators point out. Thus, subject to the frigid conditions of the lake, haloarchaeal cells within its waters divide extremely slowly, producing only about six generations per year. Although the "remarkable extent" of lateral gene transfer might be expected to "homogenize the popula-
MINITOPIC
NASA Rover: More Teasers about Potential for Microbes on Mars
The NASA Mars rover Curiosity continues to uncover information about the terrain on that planet that suggest it is, or once was, conducive to microbial life. In particular, the nowdry Gale Crater appears to have been the site for an ancient lake that was "theoretically capable" of hosting chemolithoautotrophs, microorganisms that on Earth depend on rocks and minerals for energy, according to NASA scientists. Equally tantalizing from a were-there-ever microbes viewpoint, the NASA instruments have detected an array of compounds, including water, carbon dioxide, sulfur dioxide, nitric oxide, and chlorinated hydrocarbons in the Curiosity samples, and some of those compounds could well have played a role in a microbial ecosystem on Mars, if there were one, according to Douglas Ming of the NASA Johnson Space Center in Houston, Tex., and his collaborators. For details and a broad overview of these findings, see the December 6, 2013 Science.
Deep Lake in Antarctica, a hypersaline lake in which researchers find high levels of gene exchange among haloarchaeal species. (Photo courtesy of the University of New South Wales in Sydney, Australia.)
Microbe-Volume 9, Number 2, 2014 • 51 tion," in fact separate "genera are maintained . . . conferring ecotype distinctions that enable niche adaptation."
The extreme environmental conditions that drive this unusual microbiological lifestyle within Deep Lake also "add whole new dimensions of challenge" to the researchers doing these studies, Cavicchioli says. "It costs millions of dollars to run an Antarctic program, [requiring] many types of approval/permit processes, and specialized training; expeditions often cease or never commence due to a broad range of constraints. For example, this year an icebreaker was stuck in ice for weeks, thereby delaying resupply, science, and connecting air flights, [and also] a helicopter accident altered science and logistics for pretty much the entire summer season."
The fındings in the PNAS paper describing active intergenera gene transfers among haloarchaea in Deep Lake "show yet another compelling example of microbial diversity maintained in the face of gene flow," says microbiologist Rachel Whitaker from the University of Illinois in Urbana. "Despite evidence that intergenera recombination can occur in the lab in the haloarchaea, this study demonstrates that, in nature, gene exchange in these archaea is primarily associated with the movement of genetic elements among coexisting strains. While these data make a great contribution to identifying patterns of gene flow, without clear genomic signatures of natural selection and adaptive divergence, they fall just short of identifying the mechanisms of microbial speciation that generate and preserve diversity in nature." Reaching that goal, she adds, will be "a big job." Barry E. DiGregorio is a freelance science writer in Middleport, N.Y.
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Crafting 3D Spaces To Take the Ecologic Measure of Microbes
Carol Potera
Amid curiosity about microbes in space or on Mars, some experts still wonder how space-more specifıcally, the three-dimensional (3D) arrangement of one cell to another-affects bacteria on Earth. "That's a big question in microbiology that no one has answered," says microbiologist Marvin Whiteley. To address that question, he and chemist Jason Shear, both at the University of Texas at Austin, designed 3D microscopic gelatin shells into which they introduced cells of Pseudomonas aeruginosa and Staphylococcus aureus to see whether spatial posi-tioning affects how they behave. It does. In particular, small numbers of P. aeruginosa cells protect larger numbers of S. aureus from being killed by ampicillin. Details appear November 12, 2013 in the Proceedings of the National Academy of Sciences (doi:10.1073/ pnas.1309729110).
Whiteley, Shear, and their collaborators used multiphoton lithography to build gelatin into 3D shells with P. aeruginosa cells along the outside and S. aureus cells inside. This laser-based technology, commonly known as 3D printing, typically relies on synthetic polymers instead of proteins. "We're one of a few groups using multi-photon lithography with biological materials," Shear says.
Ampicillin and other ␤-lactam antibiotics are effective at killing S. aureus, whereas P. aeruginosa cells produce ␤-lactamases that degrade such antibiotics and thus prevent killing. However, when ␤-lactamase-producing cells of P. aeruginosa in 3D shells surround otherwise vulnerable cells of S. aureus, their survival prospects improved by as much as 80%, according to Whiteley. "As few as 100 Pseudomonas protected 1,000 Staphylococcus from being killed by ampicillin," he says. "That was an important microbiology fınding." Shells by themselves that contain no P. aeruginosa cells afford no protection to S. aureus.
These two bacterial pathogens tend to coinfect chronic wounds, the lungs of cystic fıbrosis patients, and turn up together in other places such as catheters. This 3D gel technology provides a novel means for studying how neighboring pathogens affect one another, according to Whiteley and Shear. Their recent results confırm that "we can confıne bacteria and spatially organize them," Whiteley says. For example, Shear adds, "We could knock out quorum sensing systems and analyze gene products to see how the environment influences interactions."
Shear's enthusiasm for multiphoton lithography is keen, and he envisions
MINITOPIC
Visualizing Carboxysome Assembly with Mutants, Time-Lapse Microscopy
In cyanobacteria, the protein-containing carboxysome, unlike membrane-bound eukaryotic organelles, assembles "from the inside out," says Cheryl Kerfeld, formerly of the DOE Joint Genome Institute (JGI) and now at Michigan State University in East Lansing and the University of California, Berkeley. "The results provide clues to the organization of the enzymes encapsulated in the carboxysome and how this enhances carbon dioxide fixation," She, Jeffrey Cameron, and their collaborators developed mutant strains of Synechococcus cyanobacterium that were missing specific proteins needed at different steps in building carboxysomes. They then used those mutants to develop a time-lapse series of micrographs to see how these compartments are assembled. They propose that "the principles of carboxysome assembly . . . extend to diverse bacterial microcompartments." Details appear November 21, 2013 in Cell (doi:10.1016 / j.cell.2013 its impact on modern microbiology rivaling that of Petri plates on microbiology and bacterial cell culture in the 19th century. "That discovery completely revolutionized what people knew about bacteria and disease," he says. The use of lithography to construct complex but ordered 3D environments for bacterial cells "could extend the capacity of bacterial and mammalian cell cultures to model real environments."
Microbiologist George O'Toole of Dartmouth University in Hanover, N.H., whose main research interest is in biofılms, shares that enthusiasm. "I envision a limitless number of uses for this technology," he says. "This exciting technology has the potential to revolutionize the study of microbial populations."
Carol Potera is a freelance science writer in Great Falls, Mont. (M. Ndao, C. Beaulieu, D. Nicoll-Griffith, et al. 2013 . Reversible cysteine protease inhibitors show promise for a Chagas cure. Antimicrob. Agents Chemother. Online ahead of print 9 December 2013; doi:10.1128/AAC.01855-13.)
NEW IN ASM JOURNALS
Clever New Drug Promising against Chagas
NEW IN ASM JOURNALS
Great Salt Lake Archeon Maintained Multiple Traits for Hypersalinity over 50 Years in Lab
Although model organisms are essential to characterize the molecular mechanisms of evolution and adaptation, the ecological relevance of their behavior can be uncertain as traits may be lost during long-term laboratory culturing. Now Nitin Baliga and colleagues of the Institute for Systems Biology, Seattle, show that Halobacterium salinarum NRC-1 still simultaneously optimizes fıtness to total salinity, NaCl concentration, and [K]:[Mg] ratio. "Complex traits encoded by multiple genes are not easily lost even after maintaining a microbe in the lab for over 50 years," says Baliga. Moreover, the ecological memory of a complex trait appears encoded "by a highly interconnected gene network . . . [with] information to deal with changes in many environmental factors. Hence, not all the natural environmental variations need to be replicated in the laboratory to preserve this network . . . Our fındings reinforce the utility of model organisms to study evolution of complex traits . . . Also, knowledge of how organisms thrive in high salinity will have important implications on devising strategies for dealing with increased salinization of arable land." (K. D. Beer, E. J. Wurtmann, N. Pinel, and N. S. Baliga. 2014 . Model organisms have memory of complex ecologically relevant environmental variation. Appl. Environ. Microbiol. Online ahead of print 10 January 2014; doi: 10.1128/AEM.03280-13.) 
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Week-Old Salmonella Biofilms Very Difficult to Kill with Disinfectants
In the United States, salmonellosis results in 23,000 hospitalizations and 450 fatalities annually, according to the Centers for Disease Control and Prevention. Now Mary Corcoran and colleagues of the National University of Ireland, Galway, show that Salmonella biofılms are very hard to eradicate from food processing facilities. Several different types of Salmonella biofılms, each on different surfaces, including glass, stainless steel, glazed tile, concrete, and plastic, were equally diffıcult to kill, and all became denser and more fırmly attached over time, says Corcoran. "We found that it was not possible to kill the Salmonella cells using any of the three disinfectants if the biofılm was allowed to grow for 7 days before the disinfectant was applied, in contrast to after two days' growth." Disinfectants used included sodium hypochlorite (household bleach), sodium hydroxide, and benzalkonium chloride. Corcoran says that experimental results vary even for the same Salmonella biofılm on the same surface, and that experiments should be repeated several times to defıne the degree of random variation, as she did. (M. Corcoran, D. Morris, M. Cormican, et al. 2013. Commonly used 
